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5 MULTI-LUMEN CATHETER AND METHOD OF MANUFACTURE 

FILED OF THE INVENTION 
The present invention is directed to reinforced 
hollow tubes and their methods of manufacture and use . A 
10 specific application of the present invention is an aortic 

occlusion catheter for arresting a patient's heart and placing 
the patient on bypass. 

BACKGROUND OF THE INVENTION 
15 The present invention is directed to multi-lumen 

structures such as cannulae, catheters and the like. A 
specific application of the present invention is for an aortic 
occlusion catheter . 

Aortic occlusion catheters are used to isolate the 
20 patient's coronary arteries from the rest of the arterial 
system and deliver a cardioplegic fluid to the coronary 
arteries to arrest heart contractions. Once the patient's 
heart is stopped and the coronary arteries isolated from the 
rest of the arterial system, the patient is prepared for 
25 surgery on the heart and great vessels. The aortic occlusion 
catheter has an expandable member, typically a balloon, which 
is expanded in the ascending aorta to occlude the ascending 
aorta . 

Many conventional catheters are formed by extrusion 
30 methods. A problem with conventional extruded catheters is 
that the catheters can be prone to kinking. Kinking is 
particularly problematic when the catheter bends around tight- 
radius curves. Another problem with conventional extruded 
catheters is that the catheters can be relatively stiff. 



SUMMARY OF THE INVENTION 
The present invention solves several problems with 
conventional extruded catheters by providing a reinforcing 
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catheter with increased kink resistance. The reinforced 
catheter of the present invention is also flexible so that 
trauma to the patient is minimized and so that the catheter is 
bent easily around structures such as the aortic arch. 
5 The aortic occlusion catheter is preferably a multi- 

lumen catheter with the reinforcing member winding around at 
least one of the lumens in a helical manner. The catheter 
also preferably includes an inflation lumen which is not 
positioned within the helically wound reinforcing coil. The 
10 inflation lumen is used to inflate the balloon. An advantage 
of positioning the inflation lumen outside the reinforcing 
coil is that the lumen may be easily pierced to provide an 
inflation outlet for delivering the inflation fluid to the 
balloon . 

15 These and other aspects of the invention will become 

apparent with the following description of the preferred 
embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 schematically illustrates a cardiac access 

system employing an endoaortic partitioning catheter. 

Fig. 2 is a schematic partly cut-away representation 
of a patient's heart with the endoaortic partitioning catheter 
placed within the ascending aorta. 
25 Fig. 3 is a transverse cross-sectional view of the 

catheter shown in Fig. 2 taken along the lines 3-3. 

Fig 4. is an enlarged view, partially in section, of 
the retrograde cardioplegia delivery catheter and the 
pulmonary venting catheter shown in Fig. 1. 
3 0 Fig. 5 is a front view of a dual function arterial 

cannula and introducer sheath for use with the endoaortic 
partitioning catheter . 

Fig. 6 is a cross sectional view of the hemostasis 
fitting of the dual function arterial cannula and introducer 
3 5 sheath. 

Fig. 7 illustrates the cannula of Fig. 5 with an 
endoaortic partitioning catheter introduced into the catheter 
insertion chamber. 
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Fig. 8 illustrates the cannula of Figs. 5 and 6 with 
the endoaortic partitioning catheter introduced into the 
patient 1 s femoral artery . 

Fig. 9 is a cross-sectional view of a reinforced 
5 section for an aortic occlusion catheter. 

Fig. 10 is a longitudinal cross-sectional view of 
the construction of Fig. 9 around line A-A. 

Fig. 11 is a cross - sectional view of reinforced 
section of Figs. 9 and 10 after fusing together the member and 
10 coated elongate member. 

Fig. 12 is a cross - sect ional view of another 
reinforced section having a member positioned within a coated 
elongate member. 

Fig. 13 is a cross - sect ional view of Fig. 12 after 
15 fusing together the member and coated elongate member. 

Fig. 14 is a cross -sectional view of yet another 
reinforced section for the aortic occlusion catheter. 

Fig. 15 is a longitudinal cross -sect ional view of 
Fig. 14 around line B-B. 
20 Fig. 16 shows an aortic occlusion catheter having 

one of the reinforced sections disclosed herein. 

Fig. 17 is a side view of another aortic occlusion 

catheter ; 

Fig. 18 is another side view of the aortic occlusion 
25 catheter of Fig. 17; 

Fig. 19 is a longitudinal cross-sectional view 
showing the method of constructing the catheter of Fig. 17; 

Fig. 20 is a longitudinal cross-sectional view 
showing the structure of Fig. 19 after heating; 
30 Fig. 21 is a cross-sectional view showing the 

manufacture of the aortic occlusion catheter of Fig. 17; 

Fig. 22 is a cross-sectional view of the structure 
of Fig. 21 after heating. 

3 5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention provides a multi- lumen catheter, 
cannula or the like for introduction into a patient. A 
specific application of the present invention if for an 
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endovascular catheter for occluding the ascending aorta and 
arresting the heart. Although a" specific application of the 
present invention is for a multi-lumen aortic catheter, it is 
understood that the invention may be used in any other 
5 catheter, cannula or the like. 

The aortic occlusion catheter is useful in 
performing a variety of cardiovascular, pulmonary, 
neurosurgical, and other procedures. The procedures include 
repair or replacement of aortic, mitral, and other heart 

10 valves, repair of septal defects, pulmonary thrombectomy, 
electrophysiological mapping and ablation, coronary artery 
bypass grafting, angioplasty, atherectomy, treatment of 
aneurysms, myocardial drilling and revascularization, as well 
as neurovascular and neurosurgical procedures. 

15 The aortic occlusion catheter is especially useful 

in conjunction with minimally- invasive cardiac procedures, in 
that it allows the heart to be arrested and the patient to be 
placed on cardiopulmonary bypass using only endovascular 
devices, obviating the need for a thoracotomy or other large 

20 incision. 

Reference is made to Fig. 1 which schematically 
illustrates a cardiac accessing system and the individual 
components thereof. The system includes an elongated aortic 
occlusion or endoaortic partitioning catheter 10 which has an 

25 expandable member 11 on a distal portion of the catheter 

which, when inflated as shown, occludes the ascending aorta 12 
to separate or partition the left ventricle 13 and upstream 
portion of the ascending aorta from the rest of the patient's 
arterial system and securely positions the distal end of the 

30 catheter within the ascending aorta. A cardiopulmonary bypass 
system 18 removes venous blood from the femoral vein 16 
through the blood withdrawal catheter 17 as shown, removes CO2 
from the blood, oxygenates the blood, and then returns the 
oxygenated blood to the patient's femoral artery 15 through 

35 the return catheter 19 at sufficient pressure so as to flow 
throughout the patient's arterial system except for the 
portion blocked by the expanded occluding member 11 on the 
aortic occluding catheter 10. The aortic occluding catheter 
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10 has an infusion lumen 40 for antegrade delivery of a fluid 
containing cardioplegia agents directly into the aortic root 
12 and subsequently into the coronary arteries 52, 53 (shown 
in Fig. 2) to paralyze the patient's myocardium. Optionally, 
5 a retrograde cardioplegia balloon catheter 2 0 may be disposed 
within the patient's venous system with the distal end of the 
catheter extending into the coronary sinus 21 (shown in Fig. 
4) to deliver a fluid containing cardioplegic agents to the 
myocardium in a retrograde manner through the patient 1 s 

10 coronary venous system to paralyze the entire myocardium. 

The elongated occluding catheter 10 extends through 
the descending aorta to the left femoral artery 23 and out of 
the patient through a cut down 24. The proximal extremity 25 
of the catheter 10 which extends out of the patient is 

15 provided with a multi-arm adapter 26 with one arm 27 adapted 
to receive an inflation device 28. The adapter 26 is also 
provided with a second arm 30 with main access port 31 through 
which passes instruments, a valve prosthesis, an angioscope, 
or to direct blood, irrigation fluid, cardioplegic agents and 

20 the like to or from the system. A third arm 32 is provided 

for monitoring aortic root infusion pressure at the distal end 
of the catheter and/or for directing blood, irrigation fluid, 
and the like to or from the system. In the system 
configuration of Fig. 1, the third arm 32 of the multi-arm 

25 adapter 2 6 is connected to a cardiopulmonary bypass line 3 3 to 
vent the patient's heart, particularly the left ventricle, and 
to recover the blood removed and return it to the patient via 
the cardiopulmonary bypass system. A suitable valve 34 is 
provided to open and close the bypass line 3 3 and direct the 

30 fluid passing through the bypass line to a discharge line 3 5 

or a line 36 to a blood filter and recovery unit 37. A return 
line may be provided to return any filtered blood to the 
cardiopulmonary bypass system 18 or other blood conservation 
system. 

35 The details of the aortic occlusion catheter 10 and 

the disposition of the distal extremity thereof within the 
aorta are best illustrated in Figs. 2 and 3. As indicated, 
the catheter 10 includes an elongated catheter shaft 3 9 which 
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has a first inner lumen 4 0 for infusion of a cardioplegia 
agent in fluid communication with the main access port 31 in 
the second arm of the adapter 26. Additionally, the infusion 
lumen 40 may be adapted to facilitate the passage of 
instruments, a valve prosthesis, an angioscope f irrigation 
fluid, and the like therethrough and out the distal port 41 in 
the distal end thereof. A supporting coil 42 may be provided 
in the distal portion of the first inner lumen 4 0 to prevent 
the catheter shaft 3 9 from kinking when it straightened for 
initial introduction into the arterial system or when it is 
advanced through the aortic arch. The shaft 3 9 is also 
provided with a second inner lumen 4 3 which is in fluid 
communication with the interior of the occluding balloon 11. 

In one embodiment of the system, a retrograde 
cardioplegia balloon catheter 20, which is shown in more 
detail in Fig. 4, is introduced into the patient's venous 
system through the right internal jugular vein 44 and is 
advanced through the right atrium 4 5 and into the coronary 
sinus 21 through the coronary sinus discharge opening 4 6 in 
the right atrium. The retrograde catheter 20 is provided with 
a balloon 47 on a distal portion of the catheter 20 which is 
adapted to occlude the coronary sinus 21 when inflated. A 
liquid containing a cardioplegic agent, e.g. an aqueous KC1 
solution, is introduced into the proximal end 48 of the 
catheter 20, which extends outside of the patient, under 
sufficient pressure so that the fluid containing the 
cardioplegic agent can be forced to pass through the coronary 
sinus 21, through the capillary beds (not shown) in the 
patient's myocardium, through the coronary arteries 50 and 51 
and ostia 52 and 53 associated with the respective coronary 
arteries into the blocked off portion of the ascending aorta 
12 as shown. Retrograde delivery catheters are disclosed in 
U.S. Patent No. 5,558,644 which is incorporated herein by 
reference . 

A pulmonary venting catheter 54 is also shown in 
Fig. 4 disposed within the right internal jugular vein 44 and 
extending through the right atrium 45 and right ventricle 55 
into the pulmonary trunk 56. Alternatively, the pulmonary 
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venting catheter 54 may be introduced through the left 
jugular. The catheter 54 passes through tricuspid valve 57 
and pulmonary valve 58. An inflatable occluding balloon 60 
may be provided as shown on a distal portion of the pulmonary 
5 venting catheter 54 which is inflated to occlude the pulmonary 
trunk 5 6 as shown. The pulmonary venting catheter 54 has a 
first inner lumen 61 which extends from the distal end of the 
catheter to the proximal end of the catheter which vents fluid 
from the pulmonary trunk 56 to outside the patient's body 

10 either for discharge or for passage to the blood recovery unit 
and thereby decompresses the left atrium 14 through the 
pulmonary capillary beds (not shown) . The catheter 54 has a 
second inner lumen 62 which is adapted to direct inflation 
fluid to the interior of the inflatable balloon 60. 

15 To set up the cardiac access system, the patient is 

initially placed under light general anesthesia. The 
withdrawal catheter 17 and the return catheter 19 of the 
cardiopulmonary bypass system 18 are percutaneously introduced 
into the right femoral vein 16 and the right femoral artery 

20 15, respectively. An incision 24 is also made in the left 
groin to expose the left femoral artery 23 and the aortic 
occluding catheter 10 is inserted into the left femoral artery 
through an incision therein and advanced upstream until the 
balloon II on the distal end of the occluding catheter 10 is 

25 properly positioned in the ascending aorta 12. Note that 

bypass could similarly be established in the left groin and 
the aortic occlusion catheter put into the right femoral 
artery. The retrograde perfusion catheter 20 is 
percutaneously inserted by a suitable means such as the 

30 Seldinger technique into the right internal jugular vein 44 or 
the subclavian vein and advanced into the right atrium 4 5 and 
guided through the discharge opening 46 into the coronary 
sinus . 

The pulmonary venting catheter 54 is advanced 
3 5 through the right or left internal jugular vein 44 or the 

subclavian vein (whichever is available after introduction of 
retrograde perfusion catheter 20) into the right atrium 45, 
right ventricle 55, and into the pulmonary trunk 56. The 
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occluding balloon 60 may be inflated if necessary by inflation 
with fluid passing through the ' lumen 62 to block the pulmonary 
trunk 56 and vent blood therein through the lumen 61 where it 
is discharged through the proximal end of the catheter which 
5 extends outside of the patient. Alternatively, the occluding 
balloon 60 may be partially inflated with air or CO2 during 
introduction for flow-assisted placement. The venting of the 
pulmonary trunk 56 results in the decompressing of the left 
atrium 14 and, in turn, the left ventricle. In the 

10 alternative, the venting catheter 54 may be provided with 
means on the exterior thereof, such as expanded coils as 
described in U.S. Patent 4,889,137 (Kolobow) , which hold open 
the tricuspid and pulmonary valves and perform the same 
function of decompressing the left atrium. See also the 

15 article written by F . Rossi et. al . in the Journal of Thoracic 
Cardiovascular Surgery, 1900;100:914-921, entitled "Long-Term 
Cardiopulmonary Bypass By Peripheral Cannulation In A Model Of 
Total Heart Failure," which is incorporated herein in its 
entirety by reference. 

20 The operation of the cardiopulmonary bypass unit 18 

is initiated to withdraw blood from the femoral vein 16 
through catheter 17, remove CO2 from and add oxygen to the 
withdrawn blood and then pump the oxygenated blood through the 
return catheter 19 to the right femoral artery 15. The 

25 balloon 11 may then be inflated to occlude the ascending aorta 
12, causing the blood pumped out of the left ventricle (until 
the heart stops beating due to the cardioplegic fluid as 
discussed hereinafter) to flow through the discharge port 41 
into the first inner lumen 4 0 of the occluding catheter. The 

30 blood flows through the inner lumen 4 0 and out the third arm 

3 2 of the adapter 26 into the bypass line 3 3 and then into the 
blood filter and blood recovery unit 37 through the valve 34 
and line 36. For blood and irrigation fluids containing 
debris and the like, the position of the valve 34 may be 

35 changed to direct the fluid through the discharge line 35. 

In a first embodiment of the method, a liquid 
containing a cardioplegic agent such as KC1 is directed 
through the infusion lumen 4 0 of the catheter 10 into the 
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aortic root 12 and subsequently into the coronary arteries 52, 
53 to paralyze the patient's myocardium. Alternatively, if a 
retroperf usion catheter 20 is provided for delivery of the 
cardioplegic agent, the balloon 47 on the distal extremity of 
5 the catheter 20 is inflated to occlude the coronary sinus 21 
to prevent fluid loss through the discharge opening 4 6 into 
the right atrium 45. A liquid containing a cardioplegic agent 
such as KCl is directed through the catheter 2 0 into the 
coronary sinus 21 and the pressure of the cardioplegic fluid 

10 within the coronary sinus 21 is maintained sufficiently high, 
(e. gr. 40 mm Hg) so that the cardioplegic fluid will pass 
through the coronary veins, crossing the capillary beds to the 
coronary arteries 50 and 51 and out the ostia 52 and 53 . The 
cardioplegic fluid pressure within the coronary sinus 21 

15 should be maintained below 75 mm Hg to avoid pressure damage 
to the coronary sinus 21. Once the cardioplegic fluid passes 
through the capillary beds in the myocardium, the heart very 
quickly stops beating. At that point the myocardium is 
paralyzed and has very little demand for oxygen and can be 

20 maintained in this state for long periods of time with minimal 
damage . 

With the cardiopulmonary bypass system in operation, 
the heart completely paralyzed and not pumping, the left 
atrium and ventricle decompressed and the ascending aorta 
25 blocked by the inflated balloon 11 on the occluding catheter 
10, the heart is appropriately prepared for a cardiac 
procedure . 

Inflation of the inflatable member 11 on the distal 
end of the delivery catheter 10 fixes the distal end of the 

30 occluding catheter 10 within the ascending aorta 12 and 

isolates the left ventricle 13 and the upstream portion of the 
ascending aorta from the rest of the arterial system 
downstream from the inflatable member. The passage of any 
debris or emboli, solid or gaseous, generated during a 

35 cardiovascular procedure to regions downstream from the site 
would be precluded by the inflated balloon 11. Fluid 
containing debris or emboli can be removed from the region 
between the aortic valve and the occluding balloon 11 through 
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the inner lumen 40 of catheter 10. A clear, compatible fluid, 
e.gr. an aqueous based fluid such as saline delivered through 
the inner lumen 4 0 or the cardioplegic fluid discharging from 
the coronary ostia 52 and 53, may be maintained in the region 
5 wherein the cardiovascular procedure is to be performed to 
facilitate use of an angioscope or other imaging means that 
allows for direct observation of the cardiac procedure. 
Preferably, the fluid pressure in the left ventricle 13 is 
maintained sufficiently higher than that in the left atrium to 
10 prevent blood from the left atrium from seeping into the left 
ventricle and interfering with the observation of the 
procedure. The cardiac access system described above is 
presented to illustrate use of the endoaortic occlusion 
catheter 10, however, any other catheters may be used in 
15 connection with the endoaortic occlusion catheter 10 and other 
aortic occlusion catheters described herein. 

In a further aspect of the invention, illustrated in 
Figs. 5-8, the endoaortic partitioning catheter 195 is coupled 
to an arterial bypass cannula 150 that is specially adapted to 

2 0 serve as a dual purpose arterial bypass cannula and introducer 

sheath so as to allow the catheter 195 and the cannula 150 to 
be introduced through the same arterial puncture. The 
arterial bypass cannula 150 is configured for connection to a 
cardiopulmonary bypass system for delivering oxygenated blood 
25 to the patient's arterial system. The arterial bypass cannula 
15 0, shown in Fig. 31, has a cannula body 151 which is 
preferably made of a transparent, flexible, biocompatible 
polyurethane elastomer or similar material. In one preferred 
embodiment, the cannula body 151 has a 45 j beveled distal end 

3 0 153, a proximal end 152, a blood flow lumen 157 extending 

between the proximal end 152 and the distal end 153, and an 
outflow port 191 at the distal end 153. Alternatively, the 
cannula body 151 can have a straight cut distal end with 
chamfered or rounded edge. Optionally, a plurality of 
35 additional outflow ports may be provided along the length of 
cannula body 151, particularly -near distal end 153. The 
cannula body 151 is tapered from the proximal end 152 to the 
distal end 153 and, in one preferred embodiment, the tapered 
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cannula body 151 is reinforced with a coil of flat stainless 
steel wire 154 embedded in the wall of the cannula body 151. 
Adjacent to the proximal end 152 of the cannula body 151, 
proximal to the reinforcing coil 151, is a clamp site 151 
5 which is a flexible section of the tubular cannula body 151 
that can be clamped with an external clamp, such as a Vorse 
type tube occluding clamp, forming a hemostatic seal to 
temporarily stop blood flow through the lumen 157 of the 
cannula 150. In a preferred embodiment, the cannula body 151 

10 has a length between about 10 cm and 60 cm, and preferably 

between about 12 cm and 3 0 cm. In one particular embodiment, 
the cannula body 151 has a distal external diameter of 
approximately 7 mm or 21 French (Charriere scale) and a 
diapproximately 6.0 mm or 18 French. In a second particular 

15 embodiment, the cannula body 151 has a distal external 

diameter of approximately 7.7 mm or 23 French (Charriere 
scale) and a distal internal diameter of approximately 6.7 mm 
or 2 0 French. Preferably, the proximal end 152 of the cannula 
body 151 of either embodiment has an internal diameter of 

20 approximately 3/8 inch or 9.5 mm. The choice of which 

embodiment of the arterial bypass cannula 150 to use for a 
given patient will depend on the size of the patient and the 
diameter of the artery chosen for the arterial cannulation 
site. Generally, patients with a larger body mass will 

25 require a higher infusion rate of oxygenated blood while on 
cardiopulmonary bypass, therefore the larger arterial bypass 
cannula 150 should be chosen if the size of the artery allows. 

An adapter assembly 165 is connected to the proximal 
end 152 of the cannula body 151. In one preferred embodiment, 

30 the adapter assembly 165 and the cannula body 151 are supplied 
preassembled as a single, sterile, ready-to-use unit. 
Alternatively, the adapter assembly 165 can be packaged and 
sold as a separate unit to be connected to the cannula body 
151 at the point of use. The adapter assembly 165 has a Y- 

35 fitting 158 which is connected to the proximal end 152 of the 
cannula body 151. The Y-fitting 158 has a first branch ending 
in a barbed connector 159 which is configured for fluid 
connection to tubing 192 from a cardiopulmonary bypass system, 
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as shown in Fig 8. To prepare the arterial bypass cannula 150 
for insertion into a peripheral" artery, such as a patient's 
femoral artery or brachial artery, by an arterial cutciown or 
by a percutaneous Seldinger technique, a connector plug 171, 
5 which is molded of a soft, elastomeric material, is placed 
over the barbed connector 159. A tapered dilator 167 is 
passed through a wiper-type hemostasis seal 172 in the 
connector plug 171. The wiper-type hemostasis seal 172 is a 
hole through the elastomeric connector plug 171 that has a 

10 slight interference fit with the external diameter of the 
dilator 167. A series of ridges can be molded within the 
hemostasis seal 172 to reduce the sliding friction on the 
dilator 167 while maintaining a hemostatic seal. The dilator 
167 has a tapered distal tip 169, a proximal hub 170 with a 

15 luer lock connector, and a guidewire lumen 179, sized for an 
0.038 inch diameter guidewire, that runs from the distal tip 
169 to the proximal hub 170. The diameter of the dilator 167 
is such that the dilator 167 substantially fills the cannula 
lumen 157 at the distal end 153 of the cannula body 151. The 

20 length of the dilator 167 is such that the distal tip 169 of 
the dilator 167 extends approximately 2 to 5 cm, and more 
preferably 4 to 5 cm, beyond the beveled end 153 of the 
cannula body 151 when the dilator hub 170 is against the 
connector plug 170. The dilator 167 may assume a bend 173 in 

25 it at the point where the dilator 167 passes through the Y- 
fitting 158 when the dilator 167 is fully inserted. One or 
more depth markers 174, 175 can be printed on the dilator 167 
with a nontoxic, biocompatible ink. One depth marker 174 may 
be placed so that, when the marker 174 is just proximal to the 

30 hemostasis seal 172 on the elastomeric connector plug 171, the 
tapered distal tip 169 of the dilator 167 is just emerging 
from the beveled end 153 of the cannula body 151. In one 
particular embodiment, the tapered dilator 167 is made of 
extruded polyurethane with a radiopaque filler so that the 

35 position of the dilator can be verified f luoroscopically . 

A second branch of the Y- fitting 158 is connected to 
an extension tube 162 which terminates in a hemostasis valve 
176 configured to receive the endoaortic partitioning catheter 
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195 therethrough. The extension tube 162 has a flexible 
middle section which serves as* a proximal clamp site 164 that 
can be clamped with an external clamp, such as a Vorse type 
tube occluding clamp, forming a hemostatic seal to temporarily 
5 stop blood flow through the lumen 163 of the extension tube 
162. The lumen 163 of the extension tube 162 between the 
proximal clamp site 164 and the hemostasis valve 176 serves as 
a catheter insertion chamber 166, the function of which will 
be more fully explained in connection with Fig. 7. 

10 In a preferred embodiment of the arterial bypass 

cannula 150, the hemostasis valve 176 is a type of compression 
fitting known in the industry as a Tuohy-Borst adapter. The 
Tuohy-Borst adapter 176 is shown in greater detail in Fig. 6. 
The Tuohy-Borst adapter 176 has a compressible tubular or 

15 ring-shaped elastomeric seal 183 that fits within a 

counterbore 179 in the fitting body 177. The elastomeric seal 
183 is preferably made from a soft, resilient, self- 
lubricating elastomeric material, such as silicone rubber 
having a hardness of approximately 20-50 and preferably 4 0-50 

20 Shore A durometer. The elastomeric seal 183 has a central 
passage 184 with a beveled entry 18 5 on the proximal end of 
the passage 184. The elastomeric seal 183 has a beveled 
distal surface 186 angled at about 45 j which fits against a 
tapered seat 180 in the bottom of the counterbore 179 that is 

25 angled at about 60 j. A threaded compression cap 187 screws 

onto the fitting body 177. The threaded cap 187 has a tubular 
extension 187 which fits within the counterbore 179 in the 
fitting body 177. An externally threaded section 188 on the 
proximal end of the tubular extension 187 engages an 

30 internally threaded section 181 within the proximal end of the 
counterbore 179. When the threaded cap 187 is screwed down 
onto the fitting body 177, the tubular extension 189 bears on 
the elastomeric seal 183 forcing it against the tapered seat 
180 of the counterbore 179. The resultant force on the 

35 elastomeric seal 183 squeezes the elastomeric seal 183 inward 
to close off the passage central 184 to make a hemostatic 
seal. When the threaded cap 187 is unscrewed again from the 
fitting body 177, the central passage 184 of the elastomeric 
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seal 183 opens up again. The deliberate 15 i mismatch between 
the angle of the beveled distal" surface 186 of the elastomeric 
seal 183 and the tapered seat 180 of the counterbore 179 
prevents the elastomeric seal 183 from binding and causes the 
5 central passage 184 to open up reliably when the threaded cap 
187 is unscrewed from the fitting body 187. An internal ridge 
190 within the threaded cap 187 engages in a snap fit with an 
external ridge 182 on the proximal end of the fitting body 177 
to keep the threaded cap 18 7 from being inadvertently 

10 separated from the fitting body 177 if the threaded cap 187 is 
unscrewed to the point where the threads 188, 181 are no 
longer engaged. 

In one particular embodiment, the central passage 
184 of the elastomeric seal 183 has an internal diameter of 

15 about 5 mm to allow clearance for inserting a catheter 195 
with a shaft diameter of 3-4 mm through the Tuohy-Borst 
adapter 176 without damaging the occlusion balloon 196 mounted 
on it. The Tuohy-Borst adapter 176 is adjustable through a 
range of positions, including a fully open position for 

20 inserting the balloon catheter 196, a partially closed 

position for creating a sliding hemostatic seal against the 
shaft 197 of the catheter 195, and a completely closed 
position for creating a hemostatic seal with no catheter in 
the central passage 184. In an alternative embodiment, the 

25 central passage 184 of the elastomeric seal 183 can be sized 
to have a slight interference fit with the shaft 197 of the 
catheter 195 when uncompressed. In this embodiment, the 
Tuohy-Borst adapter 176 has positions which include a fully 
open position for creating a sliding hemostatic seal against 

3 0 the shaft 197 of the catheter 195, and a completely closed 
position for creating a hemostatic seal with no catheter in 
the central passage 184. In a second alternative embodiment, 
a separate ring- like wiper seal (not shown) is added in series 
with the Tuohy-Borst adapter 176 to create a passive sliding 

35 hemostatic seal against the shaft 197 of the catheter 195 
without the necessity of tightening the threaded cap 187. 
Additionally, the Tuohy-Borst adapter 176, in either 
embodiment, may have a tightly closed position for securing 
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the catheter shaft 197 with respect to the patient. In other 
alternative embodiments, other known hemostasis valves may be 
substituted for the Tuohy-Borst adapter 176 as just described. 

In a particularly preferred embodiment, the internal 
5 surface of the lumen 163 of the extension tube 162 and/or the 
internal surface of the lumen 157 of the cannula body 151 are 
coated with a highly lubricious biocompatible coating, such as 
polyvinyl pyrrolidone, to ease the passage of the endoaortic 
partitioning catheter 195, and especially the occlusion 

10 balloon 196, through these lumens. Other commercially 

available lubricious biocompatible coatings can also be used, 
such as Photo-Link* coating available from BSI Surface 
Modification Services of Eden Prairie, MN; sodium hyaluronate 
coating available from Biocoat of Fort Washington, PA; 

15 proprietary silicone coatings available from TUA of Sarasota, 
FL; and fluid silicone or silicon dispersions. Similarly, a 
distal portion of the exterior of the cannula body 151 can be 
coated with one of these lubricious biocompatible coatings to 
facilitate insertion of the arterial bypass cannula 150 into 

20 the artery at the cannulation site. Furthermore, the 

endoaortic partitioning catheter 195 itself, in any of the 
embodiments described herein, can be coated with one of these 
lubricious biocompatible coatings to facilitate its insertion 
and passage through the arterial bypass cannula 15 0 and the 

25 patient's vasculature. Preferably, the occlusion balloon 196 
of the endoaortic partitioning catheter 195 should be free of 
any lubricious coating so that there is sufficient friction 
between the expanded occlusion balloon and the interior aortic 
wall to prevent accidental dislodgement or migration of the 

30 occlusion balloon 196. 

In operation, the arterial bypass cannula 150 is 
prepared for insertion as shown in Fig. 5, with the tapered 
dilator 167 in place in the blood flow lumen 157 of the 
cannula body 151 and with the Tuohy-Borst fitting 176 

3 5 completely closed. An arterial cutdown is made into an 
artery, preferably the patient's femoral artery, at the 
cannulation site or a guidewire is placed percutaneously using 
the Seldinger technique and the dilator 167 and the distal end 
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153 of the cannula body 151 are inserted into the" lumen of the 
artery with the bevel up. A suture 194 can be tied around the 
artery 193 where the cannula body 151, as shown in Fig. 7 , 
inserts to avoid bleeding from the artery 193 at the 
5 cannulation site. The dilator 167 is then withdrawn from the 
cannula body 151, allowing blood to flash back and fill the 
lumen 157 of the cannula body 151. When the tip 168 of the 
dilator 167 is proximal to the distal clamp site 156 an 
external clamp is applied to the distal clamp site 156 to stop 

10 further blood flow. The dilator 167 is completely withdrawn 
and the connector plug 171 is removed so that a tube 192 from 
the cardiopulmonary bypass system can be attached to the 
barbed connector 159 of the Y-fitting 158, as shown in Fig. 7. 
Air is bled from the arterial bypass cannula 150 by elevating 

15 the extension tube 162 and opening the Tuohy-Borst fitting 176 
slightly and releasing the external on the distal clamp site 
156 to allow the blood to flow out through the Tuohy-Borst 
fitting 176. Alternatively, air can be bled out of the 
arterial bypass cannula 150, through an optional vent fitting 

20 with a luer cap (not shown) that can be provided on the Y- 

fitting 158 or an infusion line and a three-way stopcock. The 
optional vent fitting can be also used as a port for 
monitoring perfusion pressure within the arterial bypass 
cannula 150. Once the air is bled out of the system, the 

25 external clamp can be removed from the distal clamp site 156 
the cardiopulmonary bypass system pump can be turned on to 
perfuse the patient's arterial system with oxygenated blood at 
a rate of about 3 to 6 liters/minute, preferably at a pump 
pressure of less than about 500 mm Hg. 

30 To introduce the endoaortic partitioning catheter 

195 into the arterial bypass cannula 150, an external clamp 
191 is placed on the proximal clamp site 164, as shown in Fig. 
7, to stop blood from flowing out through the extension tube 
162 and the Tuohy-Borst adapter 176 is opened all the way by 

35 unscrewing the threaded cap 187 to open up the passage 184 
through the elastomeric seal 183. The distal end of the 
endoaortic partitioning catheter 195 with the occlusion 
balloon 196 mounted thereon :ls inserted through the passage 
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184 of the Tuohy-Borst adapter 176 into the insertion chamber 
166 of the arterial bypass cannula 150. Optionally, first and 
second depth markers 198, 199 may be printed on the shaft 197 
of the endoaortic partitioning catheter 195 with a nontoxic, 
5 biocompatible ink. The first depth marker 198 on the catheter 
195 indicates when the occlusion balloon 196 is entirely 
distal to the elastomeric seal 183 . When the first depth 
marker 19 8 is positioned just proximal to the threaded cap 
187, the Tuohy-Borst adapter 176 should be tightened to create 

10 a sliding, hemostatic seal around the catheter shaft 197. 

Now, the clamp 191 can be removed to allow the catheter 195 to 
be advanced distally through the arterial bypass cannula 150 . 

Before the endoaortic partitioning catheter 195 
enters the blood flow lumen 157 within the Y- fitting 158, the 

15 perfusion rate from the cardiopulmonary bypass system pump 
should be temporarily turned down to a rate of about 1 to 2 
liters/minute to avoid hemolysis, tubing disruptions or other 
complications due to the additional flow resistance caused by 
the occlusion balloon 196 as it passes through the blood flow 

20 lumen 157. The catheter 195 can now be advanced distally 

until the occlusion balloon 986 is distal to the distal end 
153 of the cannula body 151. A second depth marker 199 on the 
catheter 195 indicates when the occlusion balloon 196 is 
entirely distal to the distal end 153 of the cannula body 151. 

25 When the second depth marker 198 reaches the proximal end of 
the threaded cap 187, as shown in Fig. 33, the perfusion rate 
from the cardiopulmonary bypass system pump should be returned 
to a rate of about 3 to 6 liters/minute. The endoaortic 
partitioning catheter 195 can now be advanced into the 

3 0 ascending aorta for partitioning the heart and inducing 

cardioplegic arrest according to the methods described above. 
When the endoaortic partitioning catheter 195 is in position 
within the ascending aorta the Tuohy-Borst adapter 176 can be 
tightened around the catheter 195 to act as a friction lock to 

3 5 hold the catheter in place. 

After completion of the surgical procedure on the 
heart, the endoaortic partitioning catheter 195 can be removed 
from the arterial bypass cannula 15 0 by reversing the sequence 
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of operations described above. The arterial bypass cannula 
150 can remain in place until the patient has been weaned from 
cardiopulmonary bypass, then the arterial bypass cannula 150 
can be removed and the arterial puncture site repaired. The 
5 arterial bypass cannula 150 is described to illustrate the 

relationship between the endoaortic partitioning catheter 195 
and arterial bypass cannula 150. Another preferred arterial 
bypass cannula is described in co-pending Serial No. 
08/749,683 entitled "Cannula and Method of Manufacture and 

10 Use," filed on November 15, 1996 by inventor David Snow, which 
is hereby incorporated by reference. 

It should be noted that for the venous side of the 
cardiopulmonary bypass system, a similar dual purpose venous 
bypass cannula and introducer sheath with the above -described 

15 features can be used for accessing the femoral vein and for 
introducing a venting catheter or other devices into the 
venous side of the circulatory system. In a venous 
configuration the dual purpose venous bypass cannula and 
introducer sheath preferably has an external diameter of about 

20 21 to 32 French units, an internal diameter of about 18 to 30 
French units, and a length of about 50 to 75 cm. 

Referring to Figs. 9 and 10, a preferred structure 
for a reinforced section 205 of a catheter, cannula or the 
like is shown. An elongate member 207 is coated with a 

25 coating 209. The coating 209 is preferably extruded over the 
elongate member 2 07 but may be applied in any other manner 
such as dipping. The elongate member 2 07 may be made of any 
suitable material which has the requisite structural 
characteristics such as stainless steel, nickel titanium or a 

30 polymer. A preferred material is stainless steel ribbon 

having a width of between 0.006 and 0.012 inch and a height of 
between 0.002 and 0.004 inch. The elongate member 207 may 
have any cross -sectional shape, such as circular, and a 
preferred cross -sectional shape is a quadrangle. Any suitable 

35 coating 209 may be used and preferred coatings include 

polymers and specifically polyurethane , rubber, PVC or any 
thermoplastic elastomer . 
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The coating 209 is extruded over the elongate member 
207 so that the coating 209 has" opposing sides 211, 212 which 
are configured to engage one another when the coated elongate 
member 207 is wrapped around a mandrel 213M. A preferred 
5 shape is a quadrangle, however, any other shape may be used 

including irregular shapes so long as the opposing sides 211, 
212 are configured to engage one another. The coating 209 
preferably has a height of 0.006 to 0.014 inch and more 
preferably 0.008 to 0.012 inch and most preferably 0.008 to 

10 0.010 inch. The coating 209 also has a length of 0.012 to 
0.026 inch and more preferably 0.012 to 0.018 inch and most 
preferably 0.016 to 0.018 inch. The resulting thickness of 
the reinforced section 205 provides a thin walled tube which 
resists kinking. 

15 The coated elongate member 2 07 is then wrapped 

around the mandrel 213 in a helical manner. The coated 
elongate member 2 07 is wound so that a first lumen 215 is 
formed when the mandrel 213 is removed. The first lumen has a 
D-shaped cross-sectional shape which has an arcuate portion 

20 217 extending around at least 120 (degrees) and more 

preferably at least 180 (degrees) . The arcuate portion 217 is 
preferably a segment of a circle. The mandrel 213 is 
preferably coated with a lubricious coating such as TFE to 
prevent sticking. Although the first lumen 215 is preferably 

2 5 D-shaped, it may take any other shape including circular or 

oval. Furthermore, although it is preferred to coat the 
elongate member 207 with the coating 209 and wind the coated 
elongate member 207 around the mandrel 213, the coated 
elongate member 2 07 may be formed by any other method such as 

3 0 dipping or coextrusion. 

A member 219 is positioned on top of coated elongate 
member 207 after the coated elongate member 207 has been wound 
around the mandrel 213. The member 219 is preferably W-shaped 
so that second and third lumens 221, 223 are formed when the 
3 5 member 219 is positioned on top of the coated elongate member 
207. Blockers 225, which are preferably made of Teflon, are 
inserted into the second and third lumens 221, 223 so that 
they don't collapse when the reinforced section 205 is heated 
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as will be discussed below. Although it is preferred that the 
member 219 has two open channels, the member 219 may include 
two closed channels which for the second and third lumens 221, 
223 without departing from the scope of the invention. An 
5 advantage of using the open channel design of the member 219 
is that the overall size of the reinforced section 2 05 is 
minimized. The member 219 is preferably made of a polymer and 
a preferred polymer is preferably the same as for coating 209, 
however, the member 219 preferably has a higher durometer than 

10 the coating 209 so that the coating 209 provides increased 

bendability while the member 219 provides pushability and kink 
resistance. The member 219 preferably has a thickness of 
0.003 to 0.010 inch and more preferably 0.005 to 0.008 inch. 

A heat shrink tube (not shown) is then positioned 

15 around the coated elongate member 207 and member 219. The 

coated elongate member 207 and the member 219 are then heated 
to melt the coating 209 and member 219 so that they fuse 
together to form an integrated structure. Referring to Fig. 
11 the reinforced section 205 is then cooled and the shrink 

20 tube, blockers 225 and mandrel 213 are removed. The resulting 
reinforced section 205 preferably has a circular cross- 
sectional shape, however, any other shape may be used. 
Although it is preferred to heat the coated elongate member 
207 and member 219 together, a solvent may also be used to 

25 bond the two members 207, 219 together. The resulting 

reinforced section 205 preferably has a cross -sectional area 
of 0.0135 to 0.0154 inch ( squared) and more preferably 0.0135 
to 0.0145 inch (squared) which corresponds to an outer diameter 
of 0.131 to 0.140 inch and more preferably 0.131 to 0.136 

30 inch. The resulting reinforced section 205 minimizes the size 
of the catheter while providing sufficient structural 
characteristics to prevent kinking when the catheter extends 
around the aortic arch. The first lumen 215 has a cross- 
sectional size of 0.00754 to 0.01053 inch ( squared) and more 

35 preferably 0.00817 to 0.01053 inch ( squared) . The third lumen 
223 preferably has a cross-sectional size of 0.00095 to 0.0015 
inch (squared) and more preferably 0.0010 to 0.0012 
inch (squared) . 
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Referring to Fig, 12, another reinforced section 
205A is shown. The reinforced - sect ion 205A includes an 
elongate member 207A coated with a coating 207A. The elongate 
member 2 0 7A and coating 2 0 9A may be any of the elongate 
5 members and coatings described above and is preferably the 
same as the elongate member 207 and coating 209 of the 
reinforced section 205. A member 211A and blockers 215A are 
positioned on the member 211A. The coated elongate member 
207A is then wrapped around the mandrel 213A, member 211A, and 

10 blockers 215A in a helical manner. The coated elongate member 
207A preferably has the same cross- sectional shape as the 
coated elongate member 207 and the coated elongate member 2 07A 
is wrapped so that adjacent portions of the coated elongate 
member 207A engage one another in the manner described above. 

15 Although it is preferred to coat the elongate member 207A with 
the coating 2 09A and wind the coated elongate member around 
the mandrel 2 13 A, member 211A and blockers 215N, the coated 
elongate member 207A may be formed by any other method such as 
dipping or coextrusion. 

20 The member 211A is preferably T-shaped but may take 

any other shape which forms first, second and third lumens 
219A, 221A, 223A. The blockers prevent the second and third 
lumens 221A, 223A from closing when the coated elongate member 
207A and member 211A are fused together. A shrink tube (not 

25 shown) is positioned around the coated elongate member 207A 

and the coated elongate member 207A and member 211A are heated 
to produce the integrated structure of Fig. 813 The 
reinforced section 205A preferably has the same dimensions as 
the reinforced section 205 and the first, second and third 

30 lumens 219N, 221N, 223 preferably have the same dimensions as 
the aortic occlusion catheters described above. 

Referring to Fig. 14, yet another reinforced section 
205B is shown. The reinforced section 205B includes an 
extrusion 3 02 preferably having first, second and third lumens 

35 304, 306, 308 An elongate member 310, which may be any of the 
elongate members described herein, is wrapped around the 
extrusion 302. A preferred elongate member 310 is a stainless 
steel ribbon having a width of 0.003 inch and a height of 
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0,012 inch. Referring to Fig. 15, the elongate member 310 is 
preferably wound so that adjacent portions are spaced apart 
between 0.010 and 0.020 inch. A tube 312, which is preferably 
made of polyurethane and preferably has a thickness of between 
5 0.002 and 0.005 inch, is positioned over the elongate member 
310. A shrink tube (not shown) is then positioned over the 
tube 312 and blockers are positioned in the lumens 3 04, 3 06, 
308. The tube 312 and extrusion 302 are then heated so that 
they bond together and form an integral structure with the 

10 elongate member 310. The shrink tube, mandrel and blockers 
are removed and the resulting structure is essentially the 
same as the reinforced section 205 of Fig. 13. Although it is 
preferred to provide the tube 312, the elongate member 310 may 
also be dipped in a polymer solution to encase the elongate 

15 member 310 in polymer. 

Referring to Fig. 16, the reinforced sections 205, 
205A, 205B are useful for reinforcing an aortic occlusion 
catheter 314. The aortic occlusion catheter 314 may take any 
of the forms described herein and the entire discussion of 

20 aortic occlusion catheters is incorporated here including, for 
example, all preferred dimensions, shapes and methods of use. 
The aortic occlusion catheter 314 has an occluding member 315, 
which is preferably an inflatable balloon, at the distal end. 

The reinforced section 205 is preferably formed so 

25 that first, second and third lumens 316, 318, 320 wind in a 

helical manner as shown in Fig. 16. By winding the reinforced 
section 250 in a helical manner the reinforced section 205 
does not have any particular axis which is susceptible to 
kinking. It has been found that upon winding the coated 

30 elongate members around the mandrel and heating the elongate 
members, the resulting reinforced section twists when cooled 
so that the reinforced section naturally has the helical 
shape. Alternatively, the catheter may be twisted after 
forming or may be twisted during heating if pliable mandrels 

35 and blockers are used. Although it is preferred to wind the 
reinforced section 205 in a helical manner, the reinforced 
section 205 may also be formed without twisting. The first 
lumen 316 is used for infusion of cardioplegic fluid and an 
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outlet 322 is provided distal to the occluding member 315 for 
infusing cardioplegia fluid to* a patient's ascending aorta in 
the manner described above. The second lumen 318 also has an 
outlet 324 distal to the occluding member 315 which is 
5 preferably used for sensing a pressure in the patient's 

ascending aorta. The third lumen 320 is fluidly coupled to 
the occluding member 315 through an outlet 326 for inflating 
the occluding member 315. An advantage of using the 
reinforced section 205 is that the reinforcing coil does not 

10 extend around the inflation lumen 320 so that the reinforcing 
coil does not have to be penetrated when creating the outlet 
326 in the inflation lumen 320. The reinforced section 205 
extends around the shaped-end of the aortic occlusion catheter 
314 which is particularly susceptible to kinking. The shaped- 

15 end of the aortic occlusion catheter 314 is preferably curved 
to facilitate placement of the occluding member 315 in the 
ascending aorta. The distal end is also preferably offset 
from a proximal portion in the manner described below in 
connection with Figs. 17 and 18. 

20 The occluding member 315 is preferably mounted to 

the reinforced section 250. The occluding member 315 
preferably extends beyond the distal tip of the shaft when in 
the expanded shape (not shown) so that the occluding member 
acts as a bumper which prevents a distal end 328 from 

25 contacting the aorta or the aortic valve. The reinforced 
section 205 may extend throughout the aortic occlusion 
catheter 314 but preferably only extends around the portion 
which passes through the aortic arch. As such, the reinforced 
section 205 preferably extends 10 inches from a distal end 328 

30 and more preferably 15 inches from the distal end 328. 

Referring to Fig. 17, another reinforced aortic 
occlusion catheter 314A is shown. The aortic occlusion 
catheter 314A is used for the same purpose as the aortic 
occlusion catheter 314 and like reference numerals refer to 

35 like structures. The aortic occlusion catheter 314A has an 
occluding member 315, which is- preferably an inflatable 
balloon, at a distal end. The aortic occlusion catheter 314A 
also has first, second and third lumens 316A, 318A, 320A which 
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are used for the same purpose as the lumens 316, 318, 320 of 
the aortic occlusion catheter 314 described above. Each lumen 
has a connector 319 at a proximal end and the lumen 319 has a 
bellows 321 connection to increase flexibility and eliminate 
5 kinking at the proximal end. 

Referring to Figs. 17 and 18, the lumens 316A, 318A, 
320A do not wind in a helical manner like the lumens 316, 318, 
320 of the aortic occlusion catheter 314 but, instead, run 
straight along the catheter 314. The lumens 318A, 320A, which 

10 are for balloon inflation and pressure monitoring, are 

preferably positioned on the radially inner portion of the 
catheter 314A in relation to a curved distal portion 317A. 
The curved distal portion 317A facilitates positioning the 
occluding member 315 in the ascending aorta. Referring to 

15 Fig. 18, the curved distal portion is also preferably offset 
somewhat. The resulting curved distal portion generally 
conforms to the aortic arch to facilitate placement of the 
occluding member 315 in the ascending aorta. 

Referring to Fig. 22, a cross-section of the 

20 catheter 314A is shown. The cross - sect ional shape of the 

catheter 314A is somewhat egg-shaped but may, of course, also 
be substantially circular or any other suitable shape. An 
elongate element 310A which is described below, reinforces the 
catheter 314A. The elongate element 310A preferably extends 

25 throughout the length of the catheter 314A. 

Referring to Figs. 19-21, a preferred method of 
forming the catheter 314A is shown. Fig. 19 shows a 
longitudinal cross-section of a tube 331A, preferably a 
urethane tube, mounted on a teflon-coated mandrel 333A with 

3 0 the reinforcing elongate element 31 OA wound around the tube 
3 31A in a helical manner. The elongate element 310A is 
preferably a wire ribbon having a thickness of 0.003 inch and 
a width of 0.012 inch. The elongate element 310A is 
preferably wrapped around the tube 331A with a spacing of 

35 0.010 inch. Another tube 335A is positioned over the elongate 
member 310A and a shrink tube (not shown) is positioned over 
the tube 335A. The entire structure is then heated to fuse 
the tubes together to form a reinforced tube 337A which is 
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shown in longitudinal cross-section in Fig. 20. The resulting 
reinforced tube 3 3 7A preferably* has an inner diameter of about 
0.100 inch and a wall thickness of about 0.010 inch. 

Referring to Fig. 21, a two- lumen member 3 3 9A is 
5 positioned against the reinforced tube 337A and a shrink tube 
341A is positioned around the member 339A and reinforced tube 
337A. The two-lumen member 339A has the lumen 320A, which is 
used for inflating the balloon, and the 318A lumen, which is 
used for pressure monitoring distal to the occluding member 

10 315. The two-lumen member 339A is preferably an extrusion 

having a D-shaped outer surface in cross -section . The member 
3 3 9A and tube 3 3 7A are then heated and the shrink tube 3 41A is 
removed to obtain the egg-shaped cross-sectional shape shown 
in Fig. 22. The cross-sectional shape is preferably about 

15 0.145 inch tall and 0.125 inch wide. The inflation lumen 320A 
is then pierced to provide an inflation path to the occluding 
member 315 and the occluding member 315 is then mounted to 
the catheter 314A. 

The methods and devices disclosed herein have been 

20 described in conjunction with catheters, however, it is 

understood that the methods and apparatus may also be used for 
constructing any other hollow tubes. While the above is a 
preferred description of the invention, various alternatives, 
modifications and equivalents may be used without departing 

25 from the scope of the invention. For example , the opposing 
sides of the coated elongate member 207 may have an S-shape, 
and the reinforced section 2 05 may have a varying wall 
thickness. Therefore, the above description should not be 
taken as limiting the scope of the invention which is defined 

3 0 by the claims. 
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1 1. A method of manufacturing a reinforced catheter 

2 aortic occlusion catheter, comprising the steps of: 

3 providing a tube having a first lumen therethrough, the tube 

4 having a reinforcing member wound around the first lumen, the 

5 reinforcing member being encased in a polymer; and 

6 attaching a member to the tube so that a second lumen is 

7 formed, the reinforcing member not extending around the second 
1 lumen . 

1 2. The method of claim 1, wherein: 

2 the attaching step is carried out by heating the member and 

3 the tube so that the member and tube fuse together. 

1 3. The method of claim 1, wherein: 

2 the providing step includes the steps of coating the 

3 reinforcing member with the polymer thereby forming a coated 

4 reinforcing member and wrapping the coated elongate member 

5 around a mandrel. 

1 4. The method of claim 1, wherein: 

2 the providing step includes the step of coextruding the 

3 polymer around the reinforcing member thereby forming the 

4 tube . 

1 5. The method of claim 1, wherein: 

2 the attaching step is carried out so that a third lumen is 

3 formed, the reinforcing member not extending around the third 

4 lumen . 

1 6. The method of claim 1, further comprising the 

2 step of: 

3 coupling an occluding member to the tube, the 

4 occluding member being sized and configured to occlude a 

5 patient's ascending aorta when in an expanded shape; 

6 the providing step being carried out with the first 

7 lumen being sized and configured to deliver a cardioplegic 
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8 fluid to a patient at a sufficient rate to arrest the 

9 patient's heart, the first lumen having an outlet positioned 
10 distal to the occluding member. 

1 7. The method of claim 1, further comprising the 

2 step of : 

3 forming the tube and the member so that the first 

4 and second lumens have generally helical shapes. 

1 8. The method of claim 1, wherein: 

2 the providing step is carried out with the first 

3 lumen having a cross-sectional shape, the cross-sectional 

4 shape including an arcuate peripheral portion extending around 

5 at least 120 * . 

1 9. The method of claim 1, wherein: 

2 the providing step is carried out with the arcuate 

3 peripheral portion extending around at least 180'. 

1 10. The method of claim 9, wherein: 

2 the providing step is carried out with the cross- 

3 sectional shape being D-shaped with the arcuate peripheral 

4 portion being a segment of a circle. 

1 11. A reinforced catheter, comprising: 

2 a first lumen; 

3 a second lumen; and 

4 a reinforcing member wrapped in a helical manner 

5 around the first lumen and not the second lumen. 

1 12. The reinforced catheter of claim 11, further 

2 comprising: 

3 a third lumen; 

4 the reinforcing member not being wrapped around the 

5 third lumen. 
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1 13. The reinforced catheter of claim 11 , further 

2 comprising: 

3 a balloon movable between a collapsed shape and an 

4 expanded shape, the balloon being fluidly coupled to the 

5 second lumen for inflating the balloon and moving the balloon 

6 from the collapsed shape to the expanded shape, the balloon 

7 being fluidly coupled to at least one of the second and third 

8 lumens . 

1 14. The reinforced catheter of claim 11, wherein 

2 the first lumen is sized and configured to deliver 

3 cardioplegic fluid to a patient at a rate sufficient to arrest 

4 the patient's heart. 

1 15. The reinforced catheter of claim 11, wherein: 

2 the first and second lumens have generally helical 

3 shapes . 

1 16. The reinforced catheter of claim 11, wherein: 

2 the first lumen includes a cross -sectional shape 

3 having an arcuate peripheral portion extending around at least 

4 120 ' . 

1 17. The reinforced catheter of claim 16, wherein: 

2 the arcuate peripheral portion extends around at 

3 least 180 m . 

1 18. The reinforced catheter of claim 16, wherein: 

2 the cross-sectional shape is D-shaped. 

1 19. A method of forming a multi-lumen catheter, 

2 comprising the steps of: 

3 providing a hollow tube having a reinforcing member 

4 embedded therein, the reinforcing member being wrapped in a 

5 helical shape; 
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6 positioning a member inside the hollow tube, the 

7 member forming at least two lumens in the hollow tube; and 

8 fusing the hollow tube and member together after the 

9 positioning step. 

1 20. The method of claim 19, wherein: 

2 the providing step is carried out by wrapping an 

3 elongate member around a mandrel, the elongate member having 

4 the reinforced member embedded in a polymer. 

1 21. The method of claim 19, wherein: 

2 the positioning step is carried out with the member 

3 forming at least three lumens in the hollow tube. 

1 22. The method of claim 19, wherein: 

2 the providing step is carried out with the hollow 

3 tube being formed by extruding the reinforced member so that 

4 the reinforced member is embedded in a polymer. 

1 23. The method of claim 19, wherein: 

2 the positioning step is carried out with the member having a 

3 T-shaped cross-sectional shape. 

1 24. The method of claim 19, wherein: 

2 the positioning step is carried out with the member 

3 being in contact with a mandrel extending through the hollow 

4 member. 

1 25. A method of forming a reinforced, multi-lumen 

2 catheter, comprising the steps of: 

3 providing a multi- lumen hollow tube; 

4 wrapping a filament around the multi -lumen hollow tube; and 

5 encasing the filament and the hollow tube in a 

6 polymer after the wrapping step. 

1 26. The method of claim 25, wherein: 

2 the providing step is carried out by extruding the 

3 hollow tube. 
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4 27. The method of claim 25, wherein: 

5 the wrapping step is "carried out with the filament 

6 being made of a metal. 

1 28. The method of claim 25, wherein: 

2 the wrapping step is carried out with the filament 

3 including a metal elongate member encased in a polymer. 

1 29. The method of claim 25, wherein: 

2 the encasing step is carried out by extruding a tube 

3 made of the polymer, positioning the tube over the filament 

4 after the wrapping step, and fusing the tube together with the 

5 hollow tube. 

1 30. The method of claim 25, wherein: 

2 the encasing step is carried out by dipping the 

3 filament and the hollow tube in a polymer solution after the 

4 wrapping step. 

1 31. The method of claim 25, wherein: 

2 the providing step is carried out with the multi- 

3 lumen hollow tube having at least three lumens. 

1 32. The method of claim 31, wherein: 

2 the providing step is carried out with at least one 

3 of the lumens being sized and configured to deliver 

4 cardioplegic solution at a sufficient rate to arrest a 

5 patient's heart. 

1 33. A multi-lumen, reinforced catheter, comprising: 

2 a tube having a reinforcing member wrapped in 

3 helical shape, the reinforcing member being encased in a 

4 polymer; 

5 a first lumen extending through the tube ; 

6 a second lumen extending through the tube . 
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1 34. The catheter of claim 33, wherein: 

2 the first lumen is sized and configured to delivery 

3 cardioplegic fluid at a rate sufficient to arrest a patient's 

4 heart . 

1 35. The catheter of claim 33, further comprising: 

2 an occluding member mounted to the tube, the 

3 occluding member having a collapsed shape and an expanded 

4 shape, the expanded shape being sized to occlude a patient's 

5 ascending aorta. 



1 
2 



36. The catheter of claim 33, further comprising: 
a third lumen extending through the tube . 
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